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Ranging behavior of the Asian elephant in Sri Lanka
Abstract
We studied the ranging patterns of 10 elephants in and around the Yala protected area complex,
southern Sri Lanka, using VHF radio telemetry. All tracked elephants displayed similar ranging patterns.
The observed home ranges were small (mean=115.2±64.0 km2) relative to reported home ranges in
India, possibly in response to high habitat productivity and abundant perennial water sources. Elephants
showed high fidelity to their ranges. Home ranges had relatively large core areas, suggesting intensive
use of habitat. No geographically distinct seasonal ranges or migratory behavior was observed. Home
range overlap was high, and territoriality was absent. Male musth ranges were considerably larger than
non-musth ranges and may signify mate searching. Most elephants ranged both in and outside protected
areas, suggesting that resources outside protected areas were important for their survival. Thus,
translocating and restricting elephants to protected areas will be detrimental to their survival, as it limits
resource access. The ranging patterns of Asian elephants suggest that conservation of the species
requires their management both in and outside protected areas.
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Abstract 
 
We studied the ranging patterns of ten elephants in and around the Yala protected 
area complex, southern Sri Lanka, using VHF radio telemetry. All tracked elephants 
displayed similar ranging patterns. The observed home ranges were small (mean = 
115.2±64.0 km2) relative to reported home ranges in India, possibly in response to 
high habitat productivity and abundant perennial water sources. Elephants showed 
high fidelity to their ranges. Home ranges had relatively large core areas, suggesting 
intensive use of habitat. No geographically distinct seasonal ranges or migratory 
behavior was observed. Home range overlap was high, and territoriality was absent. 
Male musth ranges were considerably larger than non-musth ranges and may signify 
mate searching. Most elephants ranged both in and outside protected areas, 
suggesting that resources outside protected areas were important for their survival. 
Thus, translocating and restricting elephants to protected areas will be detrimental to 
their survival, as it limits resource access. The ranging patterns of Asian elephants 
suggest that conservation of the species requires their management both in and 
outside protected areas. 
 
Key words: Elephas maximus, Asian elephant, home range, radiotelemetry, 
conservation 
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Introduction 
 
Home range and spatial organization of individuals are the two main descriptors of 
ranging behavior. “Home range is the area that an individual traverses in its ‘normal’ 
activities” (Burt 1943) and indicates resource use. Spatial organization of individuals 
is the relationship between individual home ranges and reflects strategies adopted by 
individuals to maximize fitness (Sandell 1989). Home range size reflects resource 
requirement, acquisition strategy and availability (Clutton-Brock and Harvey 1978; 
Harestad and Bunnell 1979; Nagy 1987; Sandell 1989; Dahle and Swenson 2003). 
Most mammals display low intra specific variation in body mass, metabolic needs, 
diet and strategies for search, capture and handling of food-items, resulting in home 
range sizes characteristic of species. Intraspecific home range variation occurs within 
the context of species-specific home ranges, at local and global scales. In polygynous 
species without male parental care, males are usually larger and male home range 
size is determined by availability of receptive females and food, while female home 
range size reflects food availability and offspring number (Lindstedt et al. 1986; 
Clutton-Brock et al. 1977; Clutton-Brock and Harvey 1978; Sandell 1989; Belcher 
and Darrant 2004). Individual variation in resource requirement causes differences in 
home range size between individuals sharing an environment. 
Productivity is an important determinant of resource availability, and is inversely 
related to home range size (Fisher and Owens 2000; Dahle and Swenson 2003). 
Lesser energetic constraints in productive habitats allowing mate searching by males, 
and its restriction in less productive habitats, has been observed in macropod 
marsupials (Fisher and Owens 2000). An inverse relationship of home range size 
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with population density has been suggested in some species (Vincent et al. 1995 in 
roe deer; Dahle and Swenson 2003 in brown bears). 
Spatial organization of individuals is largely determined by availability of limiting 
resources. Territoriality occurs where the cost of territorial defence is less than the 
benefit of occupying an exclusive territory (Carpenter and McMillen, 1976; Belcher 
and Darrant 2004). In highly seasonal habitats, temporal variation in resource 
availability may cause concomitant changes in home range size and spatial 
distribution. Response to seasonal resource variation may manifest as migratory 
behavior. In some species, individuals of a single population may display alternate 
strategies of residence or migration. 
Elephants are the largest terrestrial mammals. Knowledge of their home range 
patterns and determinants are of wide interest, and important in their conservation 
and management. Ecologically they are generalists and show remarkable behavioral 
plasticity. Asian elephants (Elephas maximus) inhabit a diversity of habitats ranging 
from rain forests and dry thorn forests to savannahs, and historically occupied an 
altitudinal gradient from sea level to the snow line of Himalayan foothills (Sukumar 
1989a; Santiapillai and Jackson 1990). In Sri Lanka they currently inhabit dry 
evergreen and thorn-scrub forests in the dry zone, having been largely extirpated 
from the wet zone rainforests by landuse changes over the last century (Jayewardene 
1994; Fernando 2000). Elephants have a sexually dimorphic social structure, with 
solitary adult males, and female groups with young. The mating system is 
polygynous and promiscuous, with mate searching and male-male competition. 
Adult males exhibit periodic behavioral, physiological and hormonal changes 
associated with a phenomenon termed ‘musth’, usually limited to a 2-3 month period 
annually (Eisenberg et al. 1971). A complex hierarchy of relationships based on 
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relatedness is thought to exist among females (Moss and Poole 1983; Lee 1991), but 
recent studies have questioned its occurrence in Asian elephants (Fernando and 
Lande 2000). 
Most radio telemetric studies of elephant ranging have been on African savannah 
elephants (Loxodonta africana) and have described a diversity of home range sizes 
and ranging patterns. Home range sizes were inversely related to rainfall, hence 
primary productivity (Thouless 1996), extending from 15-52 km2 in Lake Manyara 
(Douglas Hamilton 1973) to 3059-15,422 km2 (Viljoen 1989; Lindeque and 
Lindeque 1991) in the Namibian desert. High seasonal variation was observed with 
smaller dry season and larger wet season ranges (Rodgers and Elder 1977; Dunham 
1986; Stokke and du Toit 2002). However, larger dry season ranges (De Villiers and 
Kok 1997) and lack of seasonal variation (Grainger et al. 2005) was also observed. 
Although Asian elephants have been associated with eastern cultures for millennia, 
scientific knowledge of their behavior in the wild is meagre. Asian elephants 
generally inhabit poor visibility forest habitats and are active nocturnally. They have 
become behaviourally adapted to avoid humans, in response to the high incidence of 
human-elephant conflict across their range. Observations on Asian elephant home 
ranges have been made by a number of authors (Tab. 1). Although a more 
advantageous and appropriate technique, radio telemetric studies of Asian elephant 
ranging have been few (Tab. 1). Here we report on the home range of Asian 
elephants in Sri Lanka. We discuss the possible determinants of home range size and 
spatial organization in Asian elephants with reference to environmental factors such 
as rainfall, productivity and seasonality, and biological factors such as sex, 
reproductive status and physiological status, and examine the conservation 
implications of our findings. 
⇒ 
Insert 
Tab. 1 
here. 
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Material and methods 
 
The study site was located in southern Sri Lanka (Fig. 1). The area was mostly flat 
with isolated granite masses rising to approximately 100 m, scattered over the 
landscape. The mean annual rainfall was 750-1000 mm with a distinct wet and dry 
season (Survey Department 1988). Most rainfall occurred from October to January 
(rainfall> 100 mm/month) during the Northeast monsoon, and a few inter monsoonal 
showers occurred from February to April (rainfall 50-100 mm/month). The drought 
was intense from May to September when the Southwest monsoon, after releasing 
rain in the wet zone, swept across the area as a desiccating wind. 
The region is one of the most important areas for elephant conservation in Sri Lanka. 
A protected area complex, consisting of the Yala National Park, Lunugamvehera 
National Park, and two small sanctuaries covered the major part of the study area. 
Outside the protected areas, the landscape consisted of permanent human habitations, 
townships, cultivations and natural cover. The vegetation included scrub, secondary 
forest and mature monsoon forest, with a few scattered grasslands. Scrub habitat was 
a consequence of shifting agriculture and was the dominant ‘natural’ habitat outside 
protected areas. Short grass areas and mature forests, were largely located within the 
protected areas. Patches of secondary forests occurred both inside and outside 
protected areas. A large number of freshwater reservoirs termed ‘tanks’ built by 
damming streams and tributaries to collect water for irrigated agriculture occurred 
outside the protected areas. A few of these tanks inside the protected areas were 
maintained to provide water for wildlife. Smaller tanks dried up in the dry season 
⇒ 
Insert  
Fig. 1 
 here. 
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while the larger ones held water year round. The flow in Kirindi Oya and Menik 
Ganga rivers, which flowed through the protected area decreased in the dry season, 
but pools of standing water remained. 
Ten adult elephants consisting of seven females (Nos. 6, 11, 16, 21, 26, 60, 32) and 
three males (Nos. 1, 24, 28) were fitted with Telonics VHF radio collars between 
1995 and 2001 by the Department of Wildlife Conservation Sri Lanka. The estimated 
ages of the collared elephants are given in Table 2. Females #11 and #16 were 
without dependant offspring at the time of collaring and remained so throughout the 
study period. Female #16 was likely post-reproductive and was the oldest female in 
the group. Female #21 had her first offspring in February 1997. Females #6 and #60 
had offspring 1-2 years old, and female #26 had an offspring of about 2-3 years when 
collared. Monitoring of the collared elephants commenced in February 1996, and 
extended to November 2001 (Tab. 2). Although efforts were made to locate each 
elephant a minimum of once a week, some of the elephants collared later in the study 
could not be tracked consistently due to logistic constraints, armed conflict and 
military operations that limited field access and interrupted the tracking program. 
Collared elephants were located by homing-in (White and Garrot 1990) using a 
Telonics TR2 receiver and an H antenna, or triangulation with a five element Yagi 
antenna. Locations were geo-referenced using a hand-held GPS unit. Bearings to an 
animal were calculated from three consecutive locations and the error triangle plotted 
on 1:50,000 topography sheets. The midpoint of the error triangle was taken to 
indicate the animal location. As triangulation error increases with distance to the 
transmitter, acceptance levels for the error triangle were arbitrarily set at 
approximately 50 and 300 ha respectively for triangulation points less than 10 km, 
and equal to or over 10 km from the transmitter. The approximate distance to the 
⇒ 
Insert 
Tab. 2 
here. 
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transmitter was judged by a combination of the rate of change in signal direction on 
moving between tracking locations, signal strength, and the plotted error triangle. 
Error triangles that approximated point fixes were obtained for most transmitter 
locations by repetitive triangulation. 
Home ranges estimates are greatly influenced by the method of analysis (Laundre 
and Keller 1984). Most studies on elephants have used the minimum convex polygon 
-MCP (Mohr 1947), which allows simple graphical implementation but suffers from 
a number of deficiencies (White and Garrot 1990; Kie et al. 1996). Its main 
disadvantage is the positive correlation of home range and sample size, precluding 
direct comparison between animals or studies with widely different sample sizes. 
Kernel methods are technically superior (Kie, et al. 1996), with fixed kernel 
estimators performing better than adaptive kernel estimators (Powell 2000). 
Location data was analyzed with the Animal Movement Extension for ArcView GIS 
3.3 using MCP and kernel methods. As locations obtained over short time intervals 
may not be independent, a single location per animal per day was used in the 
analysis. Most previous studies on elephants have used all data points for estimating 
home ranges (100% MCP). Although using all locations gives falsely high estimates 
(White and Garrot 1990) we calculated 100% MCP cumulative ranges to enable 
comparison with other studies. The 95% kernel cumulative, annual, seasonal, musth 
and non-musth ranges were estimated using the fixed kernel method, with band 
width chosen via least-squares cross-validation. Core areas were calculated by 
plotting kernel isohytes at 5% intervals against % of home range within, and the % 
area corresponding to the maximum difference between the curve so obtained and 
the random use line, taken as the core area (Powell 2000). The wet season was 
defined as from October to April, based on rainfall of over 50 mm/month over the 50 
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year period 1945-1994 (data obtained from the Meteorological Department Sri 
Lanka). Musth ranges were defined based on the observation of overt signs of musth 
in tracked elephants. 
 
 
Results 
 
Between February 1996 and November 2001, a total of 1013 discontinuous location 
fixes were obtained for the 10 tracked elephants. The number of locations for a 
single elephant ranged from 21 to 179 (Tab. 2). Home range estimates were 
calculated for all 10 elephants (Tab. 2). Incremental area plots reached asymptotes 
within 12 months of tracking in most cases (Fig. 2). Elephant #11 was an exception, 
showing a home range expansion in year two, due to two new positions located 
outside its previous range. The average MCP and 95% kernel home range sizes for 
all elephants excluding musth ranges were 104.7±50.9 and 115.2±64.0 km2 
respectively and for the seven females 103.5±58.9 and 98.3±59.4 km2. The average 
MCP home range size for the 3 males was 107.4±34.7 km2 and 95% kernel 
154.7±67.0 km2, both excluding musth ranges.  
Core areas were defined by 50-75% isohyets for different animals (Tab. 2). The 
average core area for all 10 elephants was 33.3±22.1 km2 and covered 15-41% of the 
home ranges with a mean of 27.3±6.9% (Tab. 2). The average core area for males 
and females were 44.0±23.0 km2 and 28.7.0±21.8 km2 which covered 27.8±2.5% and 
27.0±8.3% respectively of their home range. Core area overlap was observed 
between elephants #16 and 60, and # 6, 11 and 26 (Fig. 3). 
⇒ 
Insert 
Fig. 2 
here. 
⇒ 
Insert 
Fig. 3 
here. 
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Fidelity to ranges was tested by comparing annual ranges in consecutive years of 
elephants tracked for over one year. The two males #24 and #28, and female #32 did 
not have sufficient data for valid comparison between years and were excluded from 
the analysis. The ‘non-musth’ range was used in the case of male #1. All tested 
elephants showed a high degree of fidelity to their annual ranges with a major part of 
the second year home range (60-85% mean = 77.1±8.6) used in the previous year 
(Tab. 3). 
Geographically distinct seasonal ranges were not observed. Overlap between wet and 
dry season ranges was extensive in all tested elephants, mean = 43.6±13.8%; (Tab. 3, 
Fig. 4). No significant difference in home range size was observed between wet and 
dry seasons (Wilcoxon-Test, P>0.05). Additional analysis with the wet season 
defined as October-January (>100 mm/month rainfall) gave the same results. 
The tracked elephants displayed both disjointed home ranges with multiple core 
areas as well as contiguous ranges with a single core area. The tracked females 
belonged to six separate groups. Elephants #6 and #11 regularly associated with each 
other, hence were considered members of a single group. Additional animals not 
tracked, both female groups and males, were commonly observed within all of the 
tracked elephant ranges. 
Male #1 came into musth twice during the tracking period (Fig. 5), displaying the 
overt characteristics of full musth such as temporal gland discharge, extruded penis 
with green patina, urine dribbling, rapid movement and aggressive demeanour. It was 
difficult to obtain location fixes during musth as he ranged over a wide area with 
poor road access. Hence the musth ranges are tentative and likely under estimated. 
The 95% kernel home range of male #1 for the entire tracking period, including the 
two musth periods was 400 km2. The home range during the first musth period from 
⇒ 
Insert 
Tab. 3 
here. 
⇒ 
Insert 
Fig. 4 
here. 
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April to June 1997 (12 fixes), was 564 km2. Only 7 position fixes could be acquired 
for the second musth period in 1998 (March to April), which covered an area of 361 
km2.  
Males #24 and #28 were collared during musth, in the Lunugamvehera National 
Park. The locations where they were collared lay outside their subsequent range. 
They did not enter musth again during the study period and their ranges were treated 
as non-musth ranges.  
Varying extents of the home ranges of tracked elephants lay within protected areas 
(Fig. 1). Average percentage of range within protected areas was 55.4±37.7%, range 
0-100%. 
 
 
Discussion 
 
This study provides new insights into Asian elephant ranging. The observed home 
range sizes (34-232 km2) were consistent with expectations for a mega-herbivore and 
lay within the range previously described for African and Asian elephants. Individual 
home range size variation was within limits attributable to differences in resource 
requirement due to body size, sex, reproductive status and sociality. No major 
individual deviations were observed as in north-eastern India (Datye and Bhagwat 
1995) and parts of Africa (Thouless 1996; Grainger et al. 2005; Galanti et al. 2006), 
where divergent strategies of migration and residence within a single population, 
resulted in home range size differences of large magnitude. 
In comparison with other published studies of Asian elephants using radio telemetry, 
home range sizes recorded from southern India (Baskaran and Desai 1996) were 3-5 
⇒ 
Insert 
Fig. 5 
here. 
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times larger. While home ranges comparable in extent to Sri Lanka were recorded 
from north-central India (Joshua and Johnsingh 1993) and Malaysia (Olivier 1978), 
these were based on small sample sizes or short tracking periods (Tab. 1) hence may 
not be representative. As Asian elephants range over a large area and mostly avoid 
humans, studies based on direct observation are likely to significantly underestimate 
home range size (Baskaran et al. 1993), precluding direct comparison. Accounting 
for the inherent bias, larger home ranges in South India can be discerned also from 
reported observational studies. Home ranges of 3000-4000 km2 estimated by Datye 
and Bhagwat (1995) in Bihar-West Bengal, north-east India, are by far the largest 
reported for Asian elephants, and being based on direct observation, the actual ranges 
may be even larger. Both seasonality and conflict with humans is greater in northern 
India than in southern India or Sri Lanka. While the extreme ranges in north-east 
India may be partly explained by migration in response to seasonality, the continued 
range expansion of the winter ranges observed by Datye and Bhagwat (1995), 
suggests that it maybe unnatural and more a response to human pressure. The 
extremely large range of 6804 km2 observed by Stüwe et al. (1998) for a translocated 
female is likely to be aberrant and unrepresentative of normal ranging. However, it 
points to the operation of choice in home range determination of Asian elephants. 
 
Rainfall and productivity 
Annual rainfall in our study area (750-1000 mm) was lower than most other areas 
from which Asian elephant home ranges have been reported on (~1200-2500 mm). 
Therefore, the observed smaller home range sizes are contrary to expectations from 
rainfall as a proxy for productivity. The elephants in our study mostly ranged in areas 
that were either currently or previously under shifting cultivation, which creates a 
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mosaic of successional vegetation and high habitat heterogeneity (Fernando et al. 
2005). While the standing biomass in such habitat is less than in mature forest, the 
vegetation is dominated by rapidly growing pioneer species, and represents a highly 
accessible and nutritious food source for elephants (Mueller-Dombois 1972, 
Ishwaran 1983; Fernando et al. 2005). Elephant habitat in South India consists of 
larger homogenous and relatively undisturbed tracts of vegetation (Leimgruber et al. 
2003), signifying lower accessibility hence productivity for elephants. Home range 
size is inversely related to habitat productivity (Thouless 1996; Dahle and Swenson 
2003) and heterogeneity (Grainger et al. 2005). Therefore, the observed discrepancy 
in home range size between South India and Sri Lanka could be attributed to habitat 
characteristics that over ride effects of rainfall on productivity. 
Species with a wider geographic distribution and diverse habitat occupation, than 
those with restricted range and narrow habitat occupancy, hence generalists more 
than specialists, may display greater intra-specific variation in home range size at a 
global scale. Thus, the wide variation in home range size displayed by elephants 
could be attributed to their being generalists, and ability to adapt to and survive in a 
wide spectrum of habitats with differing resource availability. 
Sri Lanka has one of the highest densities of elephants within Asian elephant range 
(Santiapillai and Jackson 1990; Leimgruber et al. 2003). Therefore, the smaller 
ranges in Sri Lanka are also consistent with a ‘population density’ hypothesis. 
However, wider geographic representation with varying productivity and elephant 
densities is needed to tease out effects of food availability from that of population 
density. 
 
Sexual differences 
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Elephants are sexually dimorphic with adult males and females weighing around 
5000 and 3000 kg respectively. Thus, body size, body weight and metabolic needs 
predict larger male home ranges. Previous studies on Asian elephant ranging have 
not found a consistent difference between the sexes. Dependant offspring in the case 
of females and mate searching by males may result in home ranges larger than that 
predicted by morphometric and energetic considerations (Dahle and Swenson 2003). 
However, in elephants, non-musth male ranges and non-reproductive female ranges 
should be comparable. The three male non-musth home ranges in our study were 
larger than the two non-reproductive female ranges, consistent with morphometric 
and energetic predictions. While female sociality could be an additional confounding 
factor biasing towards larger female ranges, the lesser association among Asian 
elephants, especially in the case of non-reproductive females (Fernando and Lande 
2000), may decrease its influence. 
 
Core area 
Spatial use of home ranges by elephants was non random and clumped. The core 
area of a home range is the part that is most intensively used by an animal (Samuel et 
al. 1985). While most studies arbitrarily delineate core areas, assessing the core area 
based on individual data can provide better information on the use of home ranges 
(Powell 2000). The core areas identified on average consisted of over one fourth the 
home range, suggesting a dispersed resource such as food rather than a point 
resource such as water was the defining factor. Where a resource is dispersed, the 
cost-benefit ratio declines with increasing resource extraction per unit area, and 
becomes uneconomical beyond a certain point. Therefore, large core areas may 
reflect a high intensity of resource extraction. 
Fernando et al. 
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Home range fidelity 
The tracked elephants showed high fidelity to their annual ranges, suggesting that 
these ranges represented their normal established ranging patterns and that elephants 
display stable, finite home ranges. Studies in other parts of Asia have also observed 
high fidelity, to annual ranges in southern India (Baskaran and Desai 1996) and to 
summer ranges in north-east India (Datye and Bhagwat 1995). Familiarity with 
resource availability, distribution and fluctuation, and dangers and pitfalls of their 
environment, would enable individuals to better face the exigencies and challenges 
of a stochastic environment. Therefore, in long-lived species such as elephants, high 
home range fidelity as opposed to nomadism may increase individual fitness and 
represent an important survival attribute. 
 
Seasonal variation 
Extensive overlap was observed between wet and dry season ranges in all tracked 
elephants. Although dry season ranges were slightly larger in most cases, the 
difference was not significant. Therefore, our data demonstrate a lack of seasonality 
in ranging patterns and hence the absence of migration in Sri Lanka. Our results are 
at variance with that of McKay (1973) who suggested distinct dry and wet season 
ranges in south-eastern Sri Lanka, and more consistent with Eisenberg and Lockhart 
(1972) who also observed the absence of migration in north-west Sri Lanka. The 
occurrence of geographically distinct seasonal ranges in other Asian elephant 
populations has been suggested by some studies (Sukumar 1989a; Baskaran et al. 
1993; Datye and Bhagwat 1995), but not by others (Olivier 1978; Easa 1988; Joshua 
Fernando et al. 
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and Johnsingh 1993). Therefore, the presence or absence of seasonal ranges and 
migration in other Asian elephant populations is unclear. 
Discrete seasonal ranges may be found where resource availability is temporally 
partitioned between geographically separate locations, where individuals maximize 
resource access by migrating between them. Elephants may move between savannah 
and forest habitats, taking advantage of new grass growth with high protein content 
in the wet season and switching to browse as the dry season progresses (Sukumar 
1989a). Extensive grassland habitat does not occur in Sri Lanka and elephants 
largely occupy secondary scrub habitat, where productivity is very high during the 
wet season. Although food availability declines through the dry season, especially in 
regenerating scrub, pioneer species such as Dichrostachys cinerea, Capparis sp. 
Catunaregam spinosa, and Carissa spinarum, that form the bulk of elephant fodder 
in the dry zone, continue to sprout and provide fodder. Thus the absence of separate 
wet and dry season ranges and seasonal migration in Sri Lanka may be due to the 
high availability and low temporal resource variability in elephant habitats, and the 
non-availability of spatially separated, seasonally abundant resources. 
A number of studies of African and Asian elephants have noted the limiting effect of 
water availability on elephant ranges (Rodgers and Elder 1977; Dunham 1986; 
Sukumar 1989a; Stokke and du Toit 2002). Smaller dry season ranges have been 
attributed to elephants being confined to the proximity of perennial water sources in 
the dry season and release from such resource dependence with the onset of rains. 
Such seasonal variation was not observed by us, the most likely reason being the 
super-abundance of perennial water sources in our study area in the form of fresh 
water reservoirs. For example, in the area adjoining the western boundary of the Yala 
National Park, where most of the tracked elephants ranged, the density of reservoirs 
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is approximately one every 2 km2. Therefore similar to African elephants in Kruger 
National Park where lack of seasonal variation in ranging was attributed to the 
abundance of artificial water sources (Grainger et al. 2005), water availability may 
not be an important determinant of elephant ranging patterns over most of Sri Lanka, 
especially outside protected areas. 
 
Spatial organization 
The tracking data and observations suggested extensive range overlap between 
members of the same group as well as between different groups, between males and 
females, and between males. The overlap of core areas between some of the females 
from different groups in our study is unusual and may represent highly productive 
and important feeding areas. Thus, intra- and inter-sexual range overlap was 
extensive, suggesting neither male nor female elephants defend territories. Elephants 
ingest substantial amounts of low quality food, feeding for about 17 hours a day 
(Sukumar 1989a) on a wide range of plants (Mueller-Dombois 1972; Ishwaran 1983; 
Steinheim et al. 2005) to meet their nutritional requirement. Therefore, for Asian 
elephants, food represents a limiting resource that is dispersed, the exploitation of 
which necessitates a major investment in time and locomotion. Consequently the cost 
of territorial defence is likely to outweigh the benefits accruing from exclusive use of 
a territory. 
Access to receptive females is closely related to male reproductive success and may 
be the limiting factor for polygynous males, therefore male spatial organization 
maybe determined by female distribution (Belcher and Darrant 2004). Home-range 
overlap rather than male intra-sexual territoriality is probable where males cannot 
successfully defend multiple females (Sandell 1989; Belcher and Darrant 2004). In 
Fernando et al. 
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elephants, females are unevenly distributed within the landscape, range over a wide 
area, and are only receptive for a few days once every 3-9 years, making continued 
mate guarding non-profitable (Barnes 1982). Therefore, home range overlap, rather 
than territoriality maybe the preferred strategy, even in consideration of access to 
receptive females.  
 
Musth 
Physical, physiological and behavioral changes of ‘musth’ in male Asian elephants 
are well recognized. However few studies have reported on musth behavior in free 
ranging Asian elephants. The only previous study we are aware of providing data on 
musth ranging is that of Joshua and Johnsingh (1993), who observed that a tracked 
bull came into musth during winter and that its home range expanded to 200 km2 
from 34 km2. Male #1 tracked in this study came into musth twice during the study 
period, and its musth range was much larger than the non-musth range. Although no 
musth data was obtainable for the other two tracked males, their collaring during 
musth outside of their subsequent non-musth range is consistent with the behavior 
observed for male #1.  
Musth behavior such as urine dribbling and wide ranging imposes a high energetic 
cost, and musth-males rapidly lose body condition. The duration of musth is 
positively co-related to body condition and those in poor condition do not come into 
musth (Baskaran and Desai 1996; PF pers obs). The greatly increased ranging during 
musth is consistent with a strong reproductive benefit. We speculate that musth 
ranging could represent mate searching by males where they actively seek unrelated 
estrous females, or that musth males could induce ovulation in receptive females. 
Although musth has been described in African elephants and the associated 
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hormonal changes studied in detail (Poole and Moss 1981; Ganswindt et al. 2005), 
few African radio-telemetry studies refer to range increase in musth, which is 
arguably the most prominent feature in male Asian elephants. Therefore, the role of 
musth in Asian and African elephants may be fundamentally different. 
 
Reproductive and physiological status of females 
Two of the tracked females #11 and #16 did not have any dependant offspring and 
they also had smaller ranges. As expected from energetic costs of bearing and 
nursing young, reproductive females had larger ranges. However, female #60 who 
had dependant offspring also had a small range. Therefore additional factors not 
assessed in this study, such as fine scale variation in habitat productivity and 
individual variation in habitat and resource exploitation (Rolando 1998), could also 
be important determinants of home range size. Additionally reproductive status itself, 
as when mobility of dependant offspring is limited (Belcher and Darrant 2004), and 
group dynamics, could influence spatial organization and home range size. 
 
Conservation implications 
The main approach to elephant conservation and human-elephant conflict mitigation 
across Asia has been the translocation of elephants into protected areas from non-
conservation areas (Fernando 1997). Most studies of Asian elephant ranging 
including ours, have found significant utilization of non-conservation areas by 
elephants (Easa 1988; Joshua and Johnsingh 1993; Baskaran and Desai 1996). A 
review of elephant range by Leimgruber et al. (2003), found only 51% of current 
elephant habitat across Asia could be considered ‘wildlands’ or large areas of 
undisturbed natural habitat, and that only 16% of such wildlands were under legal 
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protection. Therefore, non-conservation areas are a very important segment of Asian 
elephant range and removal of elephants from such areas will have a major impact on 
the population. We demonstrate that elephants have definitive home ranges to which 
they show high fidelity. Familiarity with the home range maybe an important fitness 
trait, hence translocation maybe detrimental to their survival. Our study also suggests 
that elephants use habitat fairly intensively and that food is a limiting resource for 
them. Given the large energetic requirements of a mega-herbivore, translocating 
large numbers of elephants into protected areas may exceed their carrying capacity, 
jeopardizing both translocated elephants and populations already there (Fernando 
1997). Therefore, in situ management of Asian elephants outside protected areas is 
critical for their conservation. 
Although the observed home ranges of Sri Lankan elephants were comparatively 
small, they still represent large areas on the ground, and conservation of elephants 
necessitates conservation at a landscape scale. Thus, in addition to the undisputed 
value of the elephant as a charismatic mega-vertebrate hence a premier flagship 
species, it is also of great importance as an umbrella species, and can be profitably 
utilized to promote conservation, especially outside protected areas. 
 
Future research 
Ranging patterns have major implications for the management of elephants and 
mitigation of human-elephant conflict. It is likely that ranging patterns of Asian 
elephants vary widely in response to the environment. Hence information on local 
populations is a sine qua non for their conservation. While the Asian elephant 
currently exists in 13 South and South-east Asian states, ranging studies have been 
largely limited to India and Sri Lanka. Future studies need to be extended to other 
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parts of its range. Wide geographic study of ranging, especially using new GPS 
technology, across a wide spectrum of resource availability, seasonality and elephant 
densities, will allow better evaluation of hypotheses on the determinants of ranging 
patterns.  
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Zusammenfassung 
 
Streifverhalten des asiatischen Elefanten in Sri Lanka 
 
Mittels VHF Telemetrie untersuchten wir die Streifgebiete von 10 Elefanten in und 
um den Yala Nationalpark im Süden Sri Lankas. Alle besenderten Elefanten zeigten 
ähnliche Bewegungsmuster. Im Vergleich zu Indien waren die beobachteten Reviere 
in Sri Lanka relativ klein (115.2±64.0 km2). Dies ist vermutlich eine Folge der hohen 
Habitatsproduktivität und der ganzjährigen Verfügbarkeit von Wasser in Sri Lanka. 
Die Elefanten zeigten sich ihrem Revier sehr treu. Die Streifgebiete hatten relativ 
grosse Aktivitätszentren, was auf eine intensive Nutzung des Habitats hindeutet. Es 
wurden weder geografisch unterschiedliche saisonale Reviere noch Migrationen 
beobachtet. Die Überlappung der Reviere war gross, und Territorialität war nicht 
vorhanden. Die Steifgebiete der Männchen in Musth waren deutlich grösser als die 
Gebiete ausserhalb der Musth. Die Ursache dafür könnte die Suche nach einem 
paarungsbereiten Weibchen sein. Die meisten Elefanten hielten sich sowohl 
innerhalb als auch ausserhalb des Yala Nationalparks auf, was darauf hinweist, dass 
die Gebiete ausserhalb des Parks für ihr Überleben wichtig sind. Demzufolge 
gefährden Umsiedlungen und Restriktion auf die Naturschutzgebiete das Überleben 
der Elefanten, da der Zugang zu den Ressourcen ausserhalb des Parks verwehrt wird. 
Die Bewegungsmuster der Elefanten deuten darauf hin, dass zur Arterhaltung 
Gebiete innerhalb und ausserhalb der Nationalparks berücksichtigt werden müssen. 
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Table 1. Previous home range studies on Asian elephants. 
Method Study Location Home 
range 
[km2] 
Sex Time 
[months] 
# 
Loca-
tions 
Habitat 
Observation Easa 1988 South India, Kerala 124 herd 12 226 Forests and plantations 
   157 herd 12 200 Forests and plantations 
 Sukumar 1989b South India, Nilgiris 320 male 26 12 Dry deciduous forests, grasslands 
   215 male 9 7 Dry deciduous forests, grasslands 
   170 male 20 11 Dry deciduous forests, grasslands 
   105 herd 24 14 Dry deciduous forests, grasslands 
   115 herd 23 15 Dry deciduous forests, grasslands 
 Desai 1991 South India, Mudumalai 200 male 66 209 Deciduous and thorn forests 
   243 male 19 103 Deciduous and thorn forests 
   168 male 51 53 Deciduous and thorn forests 
   232 herd 69 257 Deciduous and thorn forests 
   111 herd 61 60 Deciduous and thorn forests 
   266 herd 57 56 Deciduous and thorn forests 
 Datye and Bhagwat 1995 North-east India 259 male* 36 41 Fragmented dry deciduous forests 
   3343 male** 36 39 Fragmented dry deciduous forests 
   4349 male** 36 18 Fragmented dry deciduous forests 
   3396 female 36 31 Fragmented dry deciduous forests 
VHF tracking Olivier 1978 Malaysia 38 male 10 16 Secondary forests 
   32 male 4 10 Primary forests 
   167 female 7 17 Secondary forests 
   59 female 6 16 Primary forests 
 Joshua and Johnsingh 1993 North-central India 200 male** 22 469 Sal (dry deciduous) forests 
   34 female 22 277 Sal (dry deciduous) forests 
 Baskaran et al. 1993 South India, Nilgiris 623 female 24 341 Deciduous and thorn forests 
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   530 female 21 294 Deciduous and thorn forests 
   800 female 22 106 Deciduous and thorn forests 
   375 male* 15 113 Deciduous and thorn forests 
   211 male* 18 224 Deciduous and thorn forests 
ARGOS satellite Stüwe et al. 1998 Malaysia 343 male*** 6 43 Rainforest, plantations 
   6804 female*** 11 41 Rainforest, plantations 
 Venkataraman et al. 2005 North-east India 179 male 3 384 Dry deciduous forest, plantations 
* male never came into musth 
** male was in musth 
*** translocated elephant 
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Table 2.  Individual information and total home range data for the tracked elephants. 
No. Name Sex Estimated Time period tracked # Fixes Home range  Core area   
   age   MCP 95 kernel  Kernel Area % of  
   [Years]   [km2] [km2]  % [km2] home range  
1 Galge Bull Male 25-35  4.2.1996 - 22.12.1998 94 459 400      
1*     75 147 232  50 70 30  
6 Hamine Female 20-25  14.2.1996 - 19.2.1999 172 176 142  75 58 41  
11 Elsina Female 25-30  20.2.1996 - 22.12.1998 179 64 34  65 69 20  
16 Dhangari Female >35  4.3.1996 - 17.7.1998 52 56 66  65 19 28  
21 Vinitha Female 15-20  14.2.1996 - 6.11.1998 109 185 170  75 54 32  
24 Kitul Kote Bull Male >30 17.3.1998 - 12.3.1999 
9.1.2001 - 22.8.2001 
39 83 109  70 30 28  
26 Nimalawa  Female 15-25 11.3.1999 - 23.9.1999 
15.10.2000 - 20.11.2001 
141 78 63  65 9 15  
28 Karawila Bull Male 20-30 15.3.1998 - 31.7.1999 21 92 124  75 31 25  
32 Mattala  Female 20-30 17.3.1998 - 30.7.1999 
20.10.2000 - 3.1.2001 
37 125 167  65 41 25  
60 Ruchi Female 25-35 11.3.1999 - 23.9.1999 
16.8.2000 - 5.11.2001 
169 41 45  65 13 29  
* excluding the positions collected during musth 
Fernando et al. 
33 
Table 3. Annual and seasonal 95% kernel home range (KHR) sizes and range overlap. The overlap % refers to the area of overlap as a 
percentage of the combined annual (year one and two) or seasonal (wet and dry) ranges. Seasonal ranges include data from the total period 
tracked. 
No.  Annual         Seasonal         
  Year one  Year two  Overlap   Wet season  Dry season  Overlap   
 
 
# Fixes 
KHR 
[km2] 
 # 
Fixes 
KHR 
[km2] 
 Area 
[km2] % 
 
# Fixes 
KHR 
[km2] 
 # 
Fixes 
KHR 
[km2] 
 Area 
[km2] % 
 
1*  38 193  23 228  165 73  45 229  30 218  176 65  
6  112 129  37 157  94 60  93 142  79 95  64 37  
11  117 33  40 27  21 79  101 36  78 29  22 51  
16  35 64  15 47  38 80  32 72  20 47  41 52  
21  69 190  27 157  130 83  62 207  47 63  59 28  
24**  NA NA  NA NA  NA NA  20 128  19 43  35 25  
26***  104 64  26 41  33 81  65 61  76 46  29 37  
60***  136 44  19 36  31 85  100 33  69 53  30 53  
 
* excluding the positions collected during musth 
** sample size for annual comparison was too small 
*** comparison of second and third years as first year data was insufficient 
 
 
Fig. 1.  Map of study area with 95% kernel cumulative home ranges of the ten 
tracked elephants (numbered as in Table 1). The shaded area denotes the protected 
area complex including Yala National Park (YNP) and Lunugamvehera National 
Park (LNP). Inset: map of Sri Lanka showing the location of the study area. 
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Fig. 2.  Accrual of cumulative minimum convex polygon (MCP) home range over 
time. Numbers refer to individual elephants described in Table 1. 
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Fig. 3.  Core areas of 5 of the tracked elephants (numbered as in Table 1) showing 
spatial overlap. 
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Fig. 4.  Overlap between wet (heavy line) and dry season (light line) 95% kernel 
ranges for eight tracked elephants (numbered as in Table 1). 
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Fig. 5.  Ranging pattern of male #1; 95% kernel estimates of non-musth range, the 
two musth ranges in 1996 and 1997 and the total cumulative range, in their 
geographic relationship to each other. 
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